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(54) Ink jet printhead for dropsize modulation 

(57) Disclosed is an ink jet printhead apparatus for 
modulating drop size. Drop size modulation is achieved 
by providing an ink jet printhead chip for use in an ink 
jet printhead having a cavity in communication with a 



supply of inkand a nozzle. The chip includes an actuator 
(52) having a first active section (54) and a second ac- 
tive section (56). The first and second active sections 
are positioned at a substantially equal distance from the 
nozzle. 
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Description 

The present invention relates to ink jet printing apparatuses and more particularly, to ink jet printhead apparatuses 
for drop size modulation wherein ink drop size is selectively varied. 
s Standard thermal ink jet printheads, operated in a conventional manner, eject an essentially fixed ink mass from 

each nozzle. 

Drop mass modulation, the process where ejected ink mass is varied on demand, can substantially enhance the 
quality of printed output. Ink jet and other non-impact printers have long been contemplated as particularly well suited 
to the production of continuous and half tone images because of the ability to produce a spot at any location on a sheet 
io of paper. However, the ability of ink jet printers to produce continuous and half tone images has been quite limited due 
to the fact that most ink jet printheads can only produce droplets having fixed volume. As a result, ink spots produced 
by such droplets are of a fixed size. Furthermore, ink jet printheads typically use a fixed resolution, typically 300-400 
dots per inch or lower, to place droplets on a sheet of paper. This is not sufficient to produce halftone images which 
require higher print quality. 

75 The quality of printed output can also be enhanced by increased print resolution where the number of droplets per 

square inch is increased, for example, from 300 x 300 dots per inch matrix to 600 x 600 dots per inch matrix. Drop 
mass modulation is often preferred over increased print resolution. This is because drop size modulation does not 
significantly increase print head complexity and because it requires a smaller increase in data handling capability than 
does a comparable increase in print resolution. This difference in data handling capability is often unappreciated and, 

20 therefore, a brief theoretical discussion is provided below highlighting the theoretical advantages of drop size modu- 
lation over increased print resolution. 

In their simplest form, digital print mechanisms operate by filling a pattern of dot positions on a square grid on the 
printed page. Information is represented by devoting a single byte to each dot position in an R x R grid. The symbol R 
denotes print resolution, which is traditionally described by the number of dots per inch on one side of the grid. Each 

25 byte is comprised of an integral number of bits. Each bit b conveys one of two possible states; hence the term binary 
state: 

b = 0 or 1 . 

30 

Each byte B k is comprised of k bits, where k can be any positive integer: 

B k =(b v b 2 b k ). 

35 

A byte B k has two relevant properties: the number N k of bits of which it is comprised: 

N k = N(B k ) = k, 

40 

and the number S k of possible states conveyed: 

S k = S(B k ) = 2 k . 

45 

Hence, a byte contains a single bit and conveys two states; a byte Bg contains two bits and conveys four states; 
and a byte B 3 contains three bits and conveys eight states, and so forth for larger values of k where: 

50 B 1 =(0)or(1), 

B 2 = (0,0) or (0, 1 ) or (1 ,0) or (1 , 1 ), 
55 B 3 = (0,0,0) or (0,0, 1 ) or (0, 1 ,0) or (0, 1 , 1 ) or (1 ,0,0) or (1 ,0, 1 ) or (1 ,1 ,0) or (1 , 1 , 1 ). 
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Standard monochrome printing (with no dot size modulation) requires one &, -sized byte for every dot in the print 
grid. Hence, a volume V 0 of data is required to print a unit grid, where: 

V 0 = N 1 x R 2 = R 2 

If print resolution R is increased by a factor F, then the required data volume per unit print grid becomes 
10 V, = N 1 x (FR) 2 , = F 2 R 2 , = F 2 V 0 

Hence, the data volume increases by a multiplicative factor F 2 when print resolution increases by a factor F. 

Suppose that, as an alternative to increasing print resolution, the number of printable dot states M increases from 
two (dot or void) to some larger integer number. The additional information is represented by increasing the size of the 
is byte associated with each position of the print grid. The smallest byte that conveys M dot states is one with k bits, 
where k is the smallest positive integer that satisfies the inequality 

M<S k = 2 k 

20 

Hence, while the possible states of a simple dot with no size modulation can be conveyed with a byte B, (with two 
states), the state of a dot with two or three possible sizes can be conveyed with a byte (with four states). The data 
volume requirement for dot size modulation can be compared to that of standard monochrome printing. The data 
volume V 2 per unit grid, required to print dots with M possible states, is given by 

25 

V 2 = N k x R 2 , = kR 2 , = kV 0 , 

where k is the smallest positive integer that satisfies the above inequality. 
30 Hence, data volume increases by a multiplicative factor k as the number of dot states increases from two to M at 

fixed print resolution. It is instructive to express the data volume V 2 directly in terms of the parameter M. Recall that 
the number of bits k is the smallest positive integer that satisfies the inequality M < 2 k . If we take the natural logarithm 
of both sides of the inequality, we obtain 

35 log M £ k log 2. 

Therefore, we can make a substitution in the formula for V 2 : 

40 V 2 = kV Q £ (log M/log 2) V Q 

Hence, it can be said that the data volume V 2 , characterizing the addition of dot states M, increases roughly as 
the natural logarithm of M. Thus, in terms ol increasing print quality, dot size modulation is preferred to increasing print 
45 resolution, since the logarithm function grows dramatically slower than the square f unction that characterizes the re- 
lationship between data volume and print resolution. 

Even considering the major theoretical advantages of drop size modulation, no workable system has yet been 
developed, although various strategies have been attempted to modulate the size of an ink drop being ejected. Many 
patents have focused on adjusting the amplitude of the voltage pulse and/or the timing of each of the voltage pulses. 
so See, for example, Tsuzuki et al. U.S. Patent No. 4,281 ,333; Lee et al. U.S. Patent No. 4,513,299; DeBonte et a!. U.S. 
Patent No. 5,202,659. These patents suffer from the disadvantage that each requires a complex control circuit and 
large data handling capability. 

Chip temperature control schemes have also been attempted with limited success, see Wysocki et al. U.S. Patent 
No. 5,223,853. Other methods focus on fluid dynamics of the meniscus of the ejected droplet, see Burr et al. U.S. 
55 Patent No. 5,495,270. 

A different approach, using simplified control circuits is disclosed in U.S. Patent No. 4,499,479. The '479 patent 
discloses an ink jet drop-on-demand printing system comprising a transducer having a plurality of separately actuable 
sections. This patent is directed to a side-shooter type printhead. Print data is provided which defines a selected drop 
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volume and control means is provided which is operable in response to print data to produce signals to selectively 
actuate a particular combination of the separately actuable sections of the transducer to produce a drop of a volume 
specified by the print data. To provide further control over the drop volume, in a second embodiment, while maintaining 
the drop of velocity within selected limits, the amplitude of the drive signals can also be varied. In a first embodiment, 

s the piezoelectric transducer sections are of an equal length, whereas in the second embodiment the transducer sections 
are of unequal length. Disadvantageously, this patented design requires a relatively complicated structure for exciting 
the ink in ink cavity Furthermore, it is difficult to predict the variation of drop volume with amplitude and pulse width at 
constant drop velocity as described in that patent. The '479 patent recognized that generating a drop size look-up table 
would be difficult because of the large number of interrelated factors which affect the printhead operation. The large 

10 number of factors include the different distances that each of the separately actuable sections are disposed from the 
nozzle as well as the interrelationship between each of the separately actuable sections. See U.S. Patent No. 4,730,1 97 
which describes and characterizes numerous interactions between ink jet geometric features, drive waveforms, me- 
niscus resonance, pressure chamber resonance, and ink jet ejection characteristics. 

Accordingly, a need still exists in the art for a printhead capable of drop size modulation having simplified geometric 

is features, using simplified control circuits and which reduces the data handling requirement of the digital print controller. 

It is, therefore, an object of this invention to overcome to a large extent the above-mentioned problems and to 
satisfy the above-mentioned needs. 

Another object of the present invention is to modulate the ejected drop mass using a printhead having simplified 
geometric features. 

20 These and other objects of the present invention are achieved by providing an ink jet printhead chip for use in an 

ink jet printhead having a cavity in communication with a supply of ink and a nozzle. An actuator has a first active 
section and a second active section. The first and second active sections are advantageously positioned substantially 
the same distance from the nozzle to simplify the geometric features of the printhead and the interrelationships between 
the two active sections. 

25 The present invention also provides an ink jet printhead having an ink jet printhead chip for use in an Inkjet printhead 

having a cavity in communication with a supply of ink and a nozzle. An actuator has a first active section and a second 
active section. The first and second active sections are advantageously positioned substantially the same distance 
from the nozzle to simplify the geometric features of the printhead and the interrelationships between the active sec- 
tions. The actuator may also have a third active section. 

30 The printhead chip may be coupled to means for selectively applying a separate driving pulse at a first voltage to 

a first conductor to activate the first section of the actuator and for selectively applying a separate driving pulse at a 
second voltage to a second conductor to activate a second section of the actuator. 

Still other objects and advantages of the present invention will become readily apparent to those skilled in this art 
from the following detailed description, wherein only the preferred embodiments of the invention are shown and de- 

35 scribed, simply by way of illustration, in the drawings: 

Figure 1 is a side sectional elevational view of a typical prior art top shooter ink jet printhead; 
Figure 2 is a top plan view of a first embodiment of the printhead heater structure of the present invention; 
Figure 2A is a side sectional elevational view taken along line 2A-2A of Figure 2 depicting only the resistive element 
40 and associated conductors; 

Figure 2B is an alternative to the side sectional view of Figure 2A; 

Figure 3 is a top plan view of a second embodiment of the printhead heater structure of the present invention; 
Figure 3A is a side sectional elevational view taken along line 3A-3A of Figure 3 depicting only the resistive element 
and associated conductors; 

45 Figure 3B is a top plan view of the printhead heater structure of Figures 3 and 3A showing bubble formation over 

a uniform electric field distribution; 

Figure 3C is a top plan view of the heater structure of Figures 3 and 3B showing bubble formation over a non- 
uniform electric field; 

Figure 4 is a top plan view of a third embodiment of the printhead heater structure of the present invention; 
50 Figure 4A is a side sectional elevational view taken along line 4A-4A of Figure 4 depicting only the resistive element 

and associated conductors; 

Figure 5 is a top plan view of a fourth embodiment of the printhead heater structure of the present invention; 
Figure 5A shows a side sectional elevational view taken along line 5A-5A of Figure 5; 
Figure 5B shows a side elevational view taken along line 5B-5B of Figure 5; 
55 Figure 6 shows a top plan view of a fifth embodiment of the printhead heater structure of the present invention; 

Figure 6A is a side elevational view taken along line 6A-6A of Figure 6; and 
Figure 6B is a side elevational view taken along line 6B-6B of Figure 6. 
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Referring first to Figure 1 , a typical drop-on-demand ejector of an ink jet printhead is depicted. This type of printhead 
is typical of those used with the heater structures discussed below with respect to embodiments 1 -5. The brief descrip- 
tion provided below of the drop-on-demand printhead reflects the operating environment of the present invention and 
is not meant to be a full description of each of the elements which are well known to those of ordinary skill in this art. 

s Referring now to Figure 1 , a plurality of drop ejecting elements 20 are typically aligned in a linear array in parallel 

rows. Drop ejecting elements 20 are formed on a barrier plate 22 mounted on a chip 23 and are centered below a 
nozzle plate 24. For convenience, the invention will be described in relation to the orientation depicted in Figure 1 , and 
consequently, terms such as "above," "below," and "left, 1 as used herein are to be construed in the relative sense. 
Formed within barrier plate 22 and chip 23 is an open via 26. Nozzle plate 24 includes an ink supply region 28 disposed 

io above open via 26. Extending from opposite sides of ink supply region 28 are a pair of ink feed channels 30 each in 
communication with a respective firing chamber 32. Mounted within each firing chamber 32 is a respective firing element 
34 which is the subject of the present invention. Formed within nozzle plate 24 and extending upwardly from firing 
chamber 32 is a nozzle 36. Ink is supplied from open via 26 through ink supply regions 28 into firing chambers 32. 
Actuation of firing element 34 causes ink to be ejected through a respective nozzle 36. Firing elements 34 are positioned 

is a fixed distance h from a top surface 38 of nozzle plate 24 as depicted in Figure 1 such that the entire top surface of 
firing element 34 is the same vertical distance from the outlet of nozzle 36. 

Ink from the open via is retained within each ink feed channel 30 until, in response to a driving pulse from a control 
means, it is rapidly heated and vaporized by the firing element 34. disposed within the firing chamber 32. This rapid 
vaporization of the ink creates a bubble which causes a quantity of ink to be ejected through nozzle 36 to a copy sheet 

20 40. The droplet strikes the paper's specified location related to the image being produced and forms an ink spot having 
a diameter directly related to the volume of the ejected droplet. 

With reference to Figures 2-6, a heater structure is illustrated which is constructed in accordance with the principles 
of the present invention. With regards to Figures 1-3 only the operative thin film layers are described. The layers not 
described are presumed to be similar to those found in standard thermal ink jet applications and should be readily 

25 known to those of ordinary skill in the art. 

It should also be understood that although the invention is described using heater elements (actuators) for ink drop 
formation, it is also possible to use other methods of ink drop formation in practicing the present invention, such as for 
example, electro-magnet-solenoid actuators and piezoelectric actuators. 

Refer now to Figures 2 and 2A, where a printhead heater structure according to a first embodiment of the present 

30 invention is depicted. Firing element 50 is preferably formed of a resistive heater element typically used in ink jet printer 
applications. Firing element 50 includes a resistive element 52 which is divided into a first active section 54 and a 
second active section 56, each of which has a rectangular shape. First active section 54 has a left edge 58 and a right 
edge 60, a top edge 62 and a bottom edge 64. Left edge 58 abuts a conductor C la , both of which have a width w. Top 
edge 62 and bottom edge 64 each have a length a. 

35 Second active section 56 has a left edge 70, a right edge 72, a top edge 74, and a bottom edge 76. Right edge 

72 is adjacent to a second conductor C 2a> both of which have a width w. Top edge 74 and bottom edge 76 each have 
a length b. A third conductor C 3a is disposed between first active section 54 and second active section 56. Conductor 
has a left edge 80 adjacent to and in contact with right edge 60 of first active section 54 and a right edge 82 adjacent 
to and in contact with left edge 70 of second active section 56. Conductor C^ has a top edge 83 aligned with top edges 

40 62 and 74. The electrical resistance of elements 54 and 56 can be varied by varying the widths of conductors C 1a and 
C 2a . Conductor C 3a , as depicted in Figure 2, extends outwardly from resistive element 52. 

Conductors C 1a , C 2a and C 3a are electrically connected to a control means. The control means is electrically 
connected to a first constant voltage source , a second constant voltage source V 2 and a common, such as a ground. 
In operation the control means acts as a switch for coupling conductor C 1a to V v conductor C 2a to V 2 and conductor 

45 c^ to the common to activate active sections 54 and 56. Alternatively, conductor C 3a can be connected directly to the 
common. 

Refer now to Figure 2A. Heater structure 50 has a flat upper surface 88 and a flat lower surface 90 formed from 
conductors C 1a , C 2a , C 3a and first active section 54 and second active section 56, respectively In the embodiment of 
Figure 2A, all three conductors are formed in the same optical mask step so they lie in the same thin film layer. In 

50 operation, if the two heater sections 54 and 56 are of lengths a and b, then the ratio of lengths determines the ratios 
of ejected ink mass obtained by activating the two sections either individually or in combination. If, for example, the 
heater lengths are chosen such that a = 2b then firing element 50 becomes a tri-modal drop ejector, with ejected ink 
mass varying in the approximate proportions 1:2:3. Ejection of the smallest drop is achieved by activating the section 
between conductors C 2a and C^. An intermediate sized drop is ejected by activating the section 54 between conductors 

ss c 1a and C^, and the largest drop is ejected by activating both sections 54 and 56 simultaneously. In this embodiment, 
as in all the embodiments described in this patent, means are provided for selectively applying a separate driving pulse 
at a first voltage through a first conductor and for applying a separate driving pulse at a second voltage through a 
second conductor. In this first embodiment, applying a voltage to conductor C^ actives section 56. As is known to 



5 



EP 0 855 277 A2 



those of ordinary skill in this art, the timing and duration of the pulses can be varied to achieve different drop sizes. 

The overall structure of Figure 2 may also be implemented as shown in Figure 2B. Components shown in Figure 
2B which perform functions similar to that of components shown in Figure 2A will share common numerical designations. 
As shown in Figure 2B, a resistive element 52' forms a substrate layer onto which conductors C^ a \ C 2a ' and C 3a ' are 
5 attached. With this arrangement, a first active region 54* of resistive element 52' is defined substantially between con- 
ductors C 1a and C 3a \ and a second active region 56* of resistive element 52 1 is defined substantially between conduc- 
tors C 2a ' and C^'. 

The embodiments of Figures 2, 2A, and 2B can be implemented into either a top shooter or a side shooter type 
ink jet printhead. When implemented in a top shooter type ink jet printhead, either a single nozzle is aligned over the 

10 combined heater or otherwise two nozzles, one above each heater section is used. 

Refer now to Figures 3 and 3A where a printhead heater structure according to a second embodiment of the 
present invention is depicted. A firing element 100 includes a flat rectangular resistive element 102, a first conductor 
C 1b connected to a control means, a second conductor C 2b connected to the control means, and a third conductor 
connected to the control means. The control means is electrically connected to a first constant voltage source ^ a 

is second constant voltage source V 2 and a common, such as a ground. The control means acts as a switch for coupling 
conductor C 1b to , conductor C 2b to V 2 and conductor C 3b to the common. Alternatively, conductor C 2b can be 
connected directly to the common and conductor C 3b to V 2 . Resistive element 1 02 has a top edge 104, a bottom edge 
106, a left edge 108, a right edge 110, and a top surface 112. Conductor C 1b has a top edge 114, a bottom edge 116, 
a right edge 1 1 8, and a flat bottom surface (not shown). Conductor C 3b has a top edge 1 22, a bottom edge 1 24, a right 

20 edge 126, and a flat bottom surface 128. Conductors C lb and C 3b have a width of a and b, respectively. Conductors 
C lb and C 3b are attached to top surface 112 of resistive element 102. Right edge 118 of conductor C 1b and right edge 
126 of conductor C 3b slightly overlap left edge 108 of resistive element 102. Top edge 114 of conductor C 1b and top 
edge 104 are aligned as are bottom edge 106 and bottom edge 124 of conductor C 3b , respectively. Bottom edge 116 
of conductor C 1b and top edge 122 of conductor C 3b are spaced from each other forming a gap therebetween. 

25 Conductor C 2b has a top edge 130 aligned with top edge 104, a bottom edge 132 aligned with bottom edge 106 

of resistive element 102 and a left edge 134 slightly overlaps right edge 110 of resistive element 102. The ratio of the 
widths of the first and second conductors determines the relative size of the smallest intermediate size drops. The 
second embodiment also operates as a tri-modal ejector as described above with respect to the first embodiment. 
Refer now to Figures 3B and 3C which depict an additional structure for varying drop mass. The control means is 

30 connected to a variable voltage source , a constant voltage source V 2 and to a common. 

When \A, is at ground potential as depicted in Figure 3B, the electric field in the heater is uniformly distributed 
allowing the entire heater surface area to participate in the nuc I eat ion/bubble growth process such that a uniform bubble 
size is formed thereby ejecting a uniform droplet mass. 

As V-, is increased, the electric field in the vicinity of C 1b is reduced as depicted in Figure 3C. This will directly 

35 effect power dissipation in this region and the resultant bubble size. As V., is increased relative to V 2 the bubble size 
will decrease, although the bubble so formed will be non-uniform in shape as shown in Figure 3C. 

Refer now to Figures 4 and 4A where a printhead heater structure according to a third embodiment of the present 
invention is illustrated. A firing element 1 50 includes a flat rectangular resistive element 152, a first conductor (divided 
into two symmetrical active sections C 1c1 and C 1c2l respectively), a second conductor C 2c , a third conductor C 3c and 

40 an insulator I. Resistive element 152 has a top edge 154, a bottom edge 156, a left edge 158, and a right edge 160. 
First conductor C 1cl has a top edge 162 aligned with top edge 154 of the resistive element, a bottom edge 164, and 
a right edge 166 in electrical contact with a portion of left edge 158 of resistive element 152. Another portion of the 
first conductor C 1c2 has a top edge 168, a bottom edge 170 aligned with bottom edge 156 of resistive element 152, 
and a right edge 172. A patterned insulator layer I electrically isolates conductors C 1c and C^- Insulator I has a top 

45 edge 174 contacting bottom edge 164 of conductor C lc1 , a bottom edge 176 in contact with top edge 168 of conductor 
C 1c2 , and a right edge 178 which extends inwardly beyond left edge 158 of resistive element 152. 

The third conductor C^ has an elongate portion 180 and a downwardly extending portion 182. A lower surlace 
1 84 of conductor C^ is in contact with insulator I. A lower surface 1 86 of downwardly extending portion 1 82 is in contact 
with an upper surface 188 of resistive element 152. The second conductor C 2c has a top edge 190 aligned with top 

so edge 154 of resistive element 152, a bottom edge 192 aligned with bottom edge 156 of resistive element 152, and a 
left edge 194 slightly overlapping right edge 160 of resistive element 152. 

A control means is connected to a first constant voltage source V, and to a second constant voltage source V 2 , 
and to a common. Conductors C 1c1 , C 1 c2 and conductor C 2c are fabricated in one mask step. Conductor C 3c is fabricated 
in a later mask step. This third embodiment can be operated as a tri-modal drop ejector by activating the conductors 

55 in pairs. To achieve a small drop conductor C 3c is activated. To achieve a medium drop conductors C lcl and C 1c2 are 
activated. To achieve a large drop all the conductors are activated. The control means acts as a switch for coupling 
conductors C 1o1 and C 1c2 to V 1 , conductor C 2o to V 2 and conductor C 2o to the common. Alternatively, conductor C 2c 
can be connected directly to the common. 



6 



EP 0 855 277 A2 

Alternatively, conductors C 1c1 and C lc2 can be formed from a single conductor underlying insulator I. 
In this third embodiment, drop mass can also be varied in the same manner as described above with respect to 
Figures 3B and 3C. Conductors C 1c1 and C lc2 can be connected to a variable voltage source \A, through the control 
means. Conductor C 2c can be connected to a common, or ground. Conductor C 3c can be connected to a constant 
5 voltage source V 2 . 

Refer now to Figures 5, 5A and 5B where a printhead heater structure according to a fourth embodiment of the 
present invention is illustrated. A firing element 200 includes a first flat rectangular resistive element 202, a flat rectan- 
gular second resistive element 204, a third flat rectangular resistive element 206, and a first conductor 208, a second 
conductor 210, and a third conductor 212. 

10 First resistive element 202 has atop edge 214, a bottom edge 216, and a right edge 21 8. Second resistive element 

204 has a top edge 220, a bottom edge 222, a right edge 224, and a left edge 226. Third resistive element 206 has a 
top edge 228, a bottom edge 230, and a left edge 232. First resistive element 202 and third resistive element 206 are 
symmetrical and are symmetrically disposed about second resistive element 204. 

First resistive element 202 has right edge 218 spaced from left edge 226 of second resistive element 204. Third 

is resistive element 206 has left edge 232 spaced from right edge 224 of second resistive element 204. Top edge 214, 
top edge 220, and top edge 228 are aligned. Bottom edge 216, bottom edge 222, and bottom edge 230 are aligned. 

Resistive elements 202, 204, 206 are rectangular in shape and flat. Second resistive element 204, as depicted in 
Figure 5 has a larger cross-sectional area than either resistive elements 202 or 206. As depicted in Figure 5, resistive 
elements 202 and 206 have the same cross-sectional area. 

20 First conductor 208 has an elongated portion 240 which terminates in a transversely disposed transverse portion 

242. A first extending portion 244 extends from transverse portion 242 and terminates in an edge 246 which slightly 
overlaps top edge 214 such that a bottom surface 248 lies on and is in electrical contact with top surface 250 of first 
resistive element 202. Similarly, a right extending portion 252 extends beyond top edge 228 terminating in edge 254 
such that a bottom surface 256 of right extending portion 252 overlies a top surface 258 of the third resistive element 

25 206 and is in electrical contact therewith. 

Second conductor 210 has an elongated portion 266 spaced from elongated portion 240 of first conductor 208. A 
downwardly extending portion 268 extends downwardly from elongated portion 266 and has a surface 270 in contact 
with an upper surface 272 of second resistive element 204. 

First conductor 208, second conductor 21 0, and third conductor 21 2 are connected to a control means. The control 

30 means is connected to a first constant voltage source V, , a second constant voltage source V 2 and to a common. The 
control means acts as a switch for coupling first conductor 208 to V 1; second conductor 21 0 to V 2 , and third conductor 
212 to the common. Alternatively, third conductor 21 2 can be connected directly to the common. 

Third conductor 212 has an upper edge 280 which is parallel to bottom edges 216, 222 and 230. A surface 282 
of conductor 212 depicted in Figure 5A is disposed above surfaces 284, 286 and 288 of first resistive element 202, 

35 second resistive element 204 and third resistive element 206, respectively, such that third conductor 21 2 is in electrical 
contact with resistive elements 202, 204, 206. 

Refer now to Figure 5B where a side elevational view is illustrated. Although not essential to the invention, lor the 
sake of completeness, the thin-film layers of firing element 200 are shown. The bottom layer 300 is silicon. Covering 
layer 300 is a second layer 302 formed of silicon dioxide. A third layer formed on the second layer 304 is a layer of 

40 boron phosphorous silicon glass. The first, second, and third resistive elements 202, 204, 206 are formed on the third 
layer. First conductor 208 and second conductor 210 are formed with portions disposed above resistive elements 202, 
204, 206. Overlying all but downwardly extending portion 268 is a layer of silicon nitride 306. Overlying the entire silicon 
nitride layer is a layer of silicon carbide 308. 

This fourth embodiment is operable as a tri-modal drop ejector. To achieve a small drop, conductor 210 is activated. 

45 To achieve a larger drop, conductor 208 is activated. The ratio of the drop size between the two drops is determined 
(assuming that the voltage of the first and second constant voltage source are equal) by the relative cross-sectional 
areas of elements 202, 206 and 204. The largest drop is achieved by activating all the conductors. 

Refer now to Figures 6, 6A and 6B where a printhead heater structure according to a fifth embodiment of the 
present invention is illustrated. Firing element 350 includes a first flat rectangular resistive element 352, a second flat 

so rectangular resistive element 354, a third flat rectangular resistive element 356, a first conductor 358, a second con- 
ductor 360, a third conductor 362, and a fourth conductor 363. 

First resistive element 352 has a top edge 364, a bottom edge 366, a left edge 368, and a right edge 370. Second 
resistive element 354 has a top edge 372, a bottom edge 374, a left edge 376, and a right edge 378. Third resistive 
element 356 has a top edge 380 aligned with top edge 364, a bottom edge 382 aligned with bottom edge 366, a left 

ss edge 384 having the same length as right edge 370, and a right edge 386. The length of right edge 378 is less than 
the length of right edge 370. First resistive element 352 and third resistive element 356 are disposed symmetrically 
about second resistive element 354 such that right edge 370 of first resistive element 352 is adjacent to and spaced 
from left edge 376 of second resistive element 354. Similarly, left edge 384 of third resistive element 356 is adjacent 
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to and spaced from right edge 378 of second resistive element 354. 

First conductor 358 has an elongate portion 388 terminating in a transverse portion 390. As depicted in Figure 6A, 
transverse portion 390 has a left portion 394 and a right portion 396. Left portion 394 has an upper surface 392 disposed 
beneath a lower surface 398 of first resistive element 352 and a right portion 396 has an upper surface 402 disposed 
5 below a lower surface 400 of third resistive element 356. 

Refer now to Figure 6B where a side elevational view is illustrated. Although section line 6B-6B is drawn through 
third resistive element 356 it should be understood that because first resistive element 352 is symmetrical with third 
resistive element 356 that the following description applies to both elements. Third resistive element 356 has a hori- 
zontal portion 420 and extending from one end thereof is a first downwardly extending portion 422 and from the opposite 
10 end thereof a second downwardly extending portion 424. Downwardly extending portion 422 has a lower surface 430 
in electrical contact with an upper surface 432 of first conductor 358. Similarly, a lower surface 434 of downwardly 
extending portion 424 is in electrical contact with an upper surface 436 of third conductor 356. 

A lower surface 438 of horizontal portion 420 is vertically spaced from an upper surface 440 of third conductor 
356. Second conductor 354 has its lower surface (not illustrated) in direct contact with upper surface 440 of second 
is conductor 360. 

Referring back to Figure 6, third conductor 362 has an elongated portion and a transverse portion 452 divided into 
a left side 454 and a right side 456. Conductors 358, 360, 362 and 363 are connected to a control means. The control 
means acts as a switch for coupling conductor 358 to V A , conductor 360 to V 2 and conductors 362 and 363 to a common. 
Alternatively, conductors 362 and 363 can be connected directly to the common.. This fifth embodiment is operable as 

20 a tri-modal ejection by activating the conductors in pairs. To achieve a small drop, conductor 360 is activated. To achieve 
a larger drop, conductor 358 is activated. The ratio of the drop size between the two drops is determined (assuming 
that the voltage of the first and second constant voltage sources are equal) by the relative cross-sectional areas. The 
largest drop is achieved by activating all the conductors. 

It should now be apparent from the foregoing detailed description that an ink jet printhead heater structure has 

£5 been described that can modulate the size of ejected ink drops without complex circuitry and where the interrelationship 
of factors that determine drop size is kept relatively simple and straightforward. 



Claims 

30 

1 . An ink jet printhead chip for use in an ink jet printhead having a cavity in communication with a supply of ink and 
a nozzle, said chip comprising: 

an actuator having a first active section and a second active sectbn; 
35 wherein said first active section and said second active section are positioned at a substantially equal distance 

from the nozzle. 

2. The inkjet printhead chip of claim 1 , further comprising: 

40 a first conductor coupled to said first active section; 

a second conductor coupled to said second active section; and 
a third conductor coupled to a common. 

3. The ink jet printhead chip of claim 2, wherein said chip is coupled to a printer having means for selectively applying 
45 a separate driving pulse at a first voltage to said first conductor to activate said first section of said actuator and 

for selectively applying a separate driving pulse at a second voltage to said second conductor to activate said 
second section of said actuator. 

4. The ink jet printhead chip of claim 3, wherein said selective applying means simultaneously applies separate driving 
so pulses to said first conductor and said second conductor. 

5. The ink jet printhead chip of claim 3, wherein said selective applying means applies separate driving pulses at 
different times to said first conductor and said second conductor. 

55 6. The ink jet printhead chip of any of claims 2 to 5, wherein said first, second and third conductors lie in the same 
plane. 

7. The ink jet printhead chip of any of claims 2 to 6, wherein said actuator is divided into said first section and said 
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second section by said third conductor, said third conductor being electrically connected to both said first and 
second active sections. 

8. The ink jet printhead chip of any of claims 2 to 7, wherein said first conductor is connected across the width of a 
s first end of said first active section and said second conductor is connected across the width of a second end. 

9. The ink jet printhead chip of any of claims 2 to 8, wherein said third conductor is connected across a length of said 
actuator. 

10 10. The ink jet printhead chip of any o1 claims 2 to 9, wherein said actuator has a first edge and a second edge, said 
first edge having a length, said first conductor being attached to said first edge along a portion of said length and 
said second conductor being spaced from said first conductor and being attached to said first edge along a different 
portion of said length, said third conductor being electrically connected to said second edge of along the entire 
length of said second edge. 

is 

11. The ink jet printhead chip of claim 10, wherein said portion of said length that said first conductor is attached to 
said first edge is different than said portion of said that said second conductor is attached to said first edge. 

12. The ink jet printhead chip of any of claims 2 to 9, wherein said actuator has a first edge and a second edge, said 
20 first conductor connected to said first edge along a major portion thereof, said third conductor connected to said 

second edge along a major portion thereof, and further comprising an electrical insulation overlaying a portion of 
said first conductor and a portion of said actuator, wherein said third conductor is connected to an upper surface 
of said actuator. 

2S 1 3. The ink jet printhead chip of any preceding claim, wherein said first section has a sectional area twice that of said 
second section. 

14. The ink jet printhead chip of any preceding claim, further comprising a third active section. 
30 15. The ink jet printhead chip of any preceding claim, wherein said actuator is flat. 

16. The ink jet printhead chip of any preceding claim, wherein said actuator is a resistive element. 

17. The ink jet printhead chip of claim 16, wherein said resistive element is disposed below the nozzle. 

35 

18. The inkjet printhead chip of any of claims 1 to 15, wherein said actuator is a piezoelectric element. 

19. The inkjet printhead chip of any preceding claim, wherein said ink jet printhead is a top-shooter type printhead. 

^o 20. The ink jet printhead chip of any of claims 1 to 18, wherein said ink jet printhead is a side-shooter type printhead. 

21. An inkjet printhead having an inkjet printhead chip for use in an inkjet printhead having a cavity in communication 
with a supply of ink and a nozzle, said chip comprising: 

45 an actuator having a first active section and a second active section; 

wherein said first active section and said second active section are positioned at a substantially equal distance 
from the nozzle. 

The ink jet print head of claim 21 , further comprising: 

a first conductor coupled to said first active section; 
a second conductor coupled to said second active section; and 
a third conductor coupled to a common. 

23. The ink jet printhead of claim 22, wherein said chip is coupled to a printer having means for selectively applying 
a separate driving pulse at a first voltage to said first conductor to activate said first section of said actuator and 
for selectively applying a separate driving pulse at a second voltage to said second conductor to activate said 
second section of said actuator; and a third conductor connected to a common and connected to said actuator. 



22. 

50 
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24. The ink jet printhead of claim 21 , 22 or 23, further comprising a third active section. 

25. An ink jet print system having a printhead having an ink jet printhead chip, said printhead having a cavity in com- 
munication with a supply of ink and a nozzle, said chip comprising: 

an actuator having a first active section and a second active section; 

wherein said first active section and said second active section are positioned at a substantially equal distance 
from the nozzle. 

26. The ink jet print system of claim 25, further comprising: 

a first conductor coupled to said first active section; 

a second conductor coupled to said second active section; and 

a third conductor coupled to a common. 

27. The ink jet print system of claim 26, further comprising: 

means for selectively applying a separate driving pulse at a first voltage to said first conductor to activate said 
first section of said actuator and for selectively applying a separate driving pulse at a second voltage to said 
second conductor to activate said second section of said actuator; and 
a third conductor connected to a common and connected to said actuator. 

28. The ink jet print system of claim 25, 26 or 27, further comprising a third active section. 
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